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                      ABSTRACT 
The Brayton refrigeration cycle is one of the fundamental thermodynamic 
cycles, which is used in the refrigeration and cryogenic fields more and more 
widely. Moreover, the research of the Brayton refrigeration cycle will be helpful 
to the development of space and astronavigation refrigeration technology. Like 
other thermodynamic cycles, the complete idealized cycle model is first used to 
investigate the performance of the Brayton refrigeration cycle, and then the 
various irreversible factors existing in real cycles, such as adiabatic 
irreversibility, regeneration, heat leak, and so on, are considered by little and 
little, so that the theoretical model of the cycle approximates to real systems. 
With the application of the Brayton refrigeration cycle to the different fields, it 
is becoming a fresh topic of the theoretical research of thermodynamic cycles to 
establish the models of the Brayton refrigeration cycle working with the 
different working substances and reveal the influence of the various 
irreversibilities on the performance of the cycle. 
In this thesis, the performance of the quantum Brayton refrigeration cycle 
working with ideal Bose gas and the magnetic Brayton refrigeration cycle 
working with paramagnetic salt described by Curie law is studied, respectively. 
In chapters 2 and 3, two models of the quantum Brayton refrigeration cycle are 
established. The thermodynamic properties of an ideal Bose gas are used to 
discuss the influence of the quantum degeneracy of the Bose gas and the 
irreversibilities in the cycle on some important performance parameters, such as 
the work input, coefficient of performance, refrigeration load, and so on, of the 















operating in the different cases are revealed. In chapter 4, the model of an 
irreversible regenerative Brayton refrigeration cycle working with paramagnetic 
salt is established. The synthetic influence of the regeneration in two 
iso-magnetic processes and the irreversibilities in two adiabatic processes on 
the performance of the cycle is investigated. The minimum ratio of two 
magnetic fields, the lower bound of the optimal ratio of the two magnetic fields 
and several optimal criteria of the regenerative magnetic Brayton refrigeration 
cycle are obtained. Moreover, the performance characteristics of the cycle under 
several limit cases are discussed. The results obtained in this thesis may not 
only play an important promotion role for the further investigation of the 
Brayton refrigeration cycle but also have theoretical instructive significances 
for the design of the Brayton refrigeration cycle   
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    工业的发展，社会的进步，都离不开能源。纵观全世界社会经济发展
的历程，每一次重大的经济飞跃和产业革命都是首先有了新的能源和动力
装置的突破。18 世纪，蒸汽机引起西方产业革命，煤炭代替薪柴成为主要


















































环之一，美国的 NASA 公司与 Creare 公司已经研究出制冷温度 4.2K-70K,
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绝热去磁化制冷的实验，并取得了约 1K 的温度下降，从而获得了诺贝尔化
学奖，随后，许多科学家致力于磁制冷的研究[20, 21]，。在 1954 年，Heer 等
人研制出第一台半连续的磁制冷机，使得温度下降了 0.2K[21]，20 世纪 70
年代以后，磁制冷机的研制已经成为对于许多科学家极具吸引力的研究领













§1.2  本论文的研究内容和安排 
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